Purpose: Antihormonal treatment is an effective therapy in the adjuvant setting. However, musculoskeletal pain is a common adverse effect encountered in patients receiving this treatment. We aimed to evaluate the risk factors for the development of antihormonal treatmentassociated musculoskeletal pain (AHAMP) and its impact on the health-related quality of life (HRQOL).
Introduction
Antihormonal treatment for breast cancer is currently the cornerstone of modern adjuvant therapy in hormone receptor positive cancer patients. The success of adjuvant treatments leads to an improvement in long-term survival rates, and quality of life issues in breast cancer survivors have become an important aspect in the management of these patients. Most of the side effects related to the antihormonal treatment are generally thought to be derived from estrogen deprivation. Joint pain and arthralgia are among the most commonly encountered side effects seen in patients receiving tamoxifen or aromatase inhibitors (AIs) as hormonal adjuvant treatment. 1 The incidence of joint-related symptoms (joint pain, stiffness, arthralgia) associated with antihormonal treatment has been analyzed in various large randomized studies. In an analysis of BIG 1-98 trial, which incorporated more than 8,000 postmenopausal breast cancer patients, nearly 20% of women randomized to letrozole therapy experienced arthralgia while the incidence was 13.4% in women who received tamoxifen. 1 The incidence of bone and joint pain in patients receiving additional 
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seber et al ovarian function suppression therapy is reported to be 20% in large randomized trials. 2 However, in several retrospective or cross-sectional trials that specifically surveyed treatmentrelated musculoskeletal adverse effects, the incidence of joint-related adverse effects was reported to be between 30% and 66%. Moderate to high-grade joint-related symptoms are also associated with poor adherence to therapy or treatment discontinuation, besides interfering with the daily activities of the survivors. [3] [4] [5] The aim of this study was to evaluate the precipitating factors that are behind the musculoskeletal symptoms associated with antihormonal therapy and also assess the impact of these drug-related adverse effects on patients' quality of life.
Methods

study population
Breast cancer patients who were being treated with adjuvant antihormonal therapy in a university hospital medical oncology clinic were included in the study group. All patients receiving steroidal AIs (anastrozole or letrozole) or combination antihormonal treatment with tamoxifen and monthly injections of 3.6 mg goserelin were eligible. Among the patients attending the oncology clinic, subjects who provided informed consent were recruited consecutively. All the participants were receiving an antihormonal therapy for at least 30 days at the time of interview. Early-stage breast cancer (stage I-III) patients who had undergone planned surgery for breast cancer and completed adjuvant chemotherapy and radiotherapy treatments were included in the study group. The following patients were excluded from the study group: those with advanced stage breast cancer, those with a known second primary cancer, patients who had been diagnosed with a rheumatological disease and were actively treated for it, and patients with a known bone metabolic disease.
Data collection
A cross-sectional survey was designed to gather data from the participating patients. After informed consent was taken, patients were asked to complete a one-time self-administered survey about joint symptoms, treatments received, and demographic variables. Then they were thoroughly examined by an experienced rheumatologist for the presence of musculoskeletal symptoms. Musculoskeletal symptoms that initiated after the antihormonal treatment or exacerbated after initiation of the endocrine therapy were recorded. Antihormonal treatment associated musculoskeletal pain (AHAMP) was defined as follows: symmetrical arthralgia affecting wrists, hands, and knees, arthritis, tenosynovitis, myalgia, and trigger finger, which have developed since starting antihormonal treatment. 6 
Measures
The severity of the pain was assessed by both visual analog scale (VAS) (0-10 cm) and Heath Assessment Questionnaire (0-3). Health-related quality of life (HRQOL) was assessed by both Medical Outcomes Study short form 36 Version 2 (SF-36) and Functional Assessment of Cancer Therapy-Breast (FACT-B) subscale. SF-36 is widely used as a measure of life quality in a variety of patient populations and is also validated for Turkish cancer patients. 7 Both SF-36 and FACT-B measure physical and mental well-being. Higher scores in both questionnaires indicate better HRQOL. In addition, FACT-B has a separate breast cancer subscale (BCS) that is designed specifically for assessment of HRQOL in patients with breast cancer. FACT-General score constitutes sum of the scores of physical well-being, functional well-being, social/family well-being, and emotional well-being components. FACT-B total score is obtained by addition of FACT-General and BCS scores. 8 License for a validated Turkish translation version of the questionnaire was obtained from www.FACIT.org.
At the time of interview, demographic information regarding patient's social status, age, education level, current medications, and cigarette smoking was obtained from a self-report questionnaire. At the same time, blood samples were taken for assessment of serum 25-hydroxy vitamin D (25(OH)D), C-reactive protein, and erythrocyte sedimentation rate levels. All biomarkers were evaluated using standard laboratory techniques. Written consent was obtained from all of the patients for inclusion of their data in this study prior to administering the tool. The study was approved by the Namik Kemal University Hospital ethics committee.
statistical analysis
Statistical analyses were done by utilizing Statistical Package for the Social Sciences 16.0 (SPSS Inc., Chicago, IL, USA). Continuous variables are expressed as mean and standard deviation or median minimum and maximum values, while categorical variables are expressed as percentages. Continuous variables between groups were examined with Mann-Whitney U statistic and categorical variables with chi-square test. Related factors for joint symptoms and pain were tested using logistic regression; results were summarized using odds ratios and 95% confidence intervals. Each characteristic was first tested in a univariate analysis and then all variables that were statistically significant at a level of P,0.10 were included in the multivariate analysis.
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Musculoskeletal pain in women with breast cancer Enter method was used in multivariate analysis. P-value ,0.05 was accepted as statistically significant.
Results
Among 95 eligible women attending the medical oncology clinic with early-stage breast cancer, 78 patients who accepted to participate and gave informed consent were included in the study group. Thirty-seven (47.4%) patients were found to have musculoskeletal symptoms associated with antihormonal treatment. Median duration of antihormonal treatment at the time of interview was 16 months (4-69 months). Mean time period for the initiation of musculoskeletal pain was 2 months (1-10 months).
Demographic variables of the patient group are summarized in Table 1 . Fifty-four postmenopausal women were receiving nonsteroidal AIs, while 24 premenopausal women received tamoxifen in combination with a luteinizing hormone releasing hormone (LHRH) agonist (monthly injections of 3.6 mg goserelin acetate). The mean age of the patients with AHAMP was significantly lower compared to that of patients without symptoms (50.6 vs 55.4, P= 0.028). Also, mean body mass index (BMI) was significantly lower in patients with AHAMP (28.7 vs 30.6, P= 0.036). Mean time from the onset of menopause was longer in patients with AHAMP; however, this difference did not reach statistical significance (12 vs 9 years, P= 0.787). Musculoskeletal pain was significantly more common in patients who smoked (40.5% vs 19.5%, P= 0.002). There was a trend toward higher incidence of presence of AHAMP in patients receiving letrozole, when compared to patients receiving tamoxifen plus LHRH agonist therapy; however, this difference did not reach statistical significance (P= 0.062).
All patients had early-stage disease (I-III) and were operated for their primary lesion. All of the participating patients received prior chemotherapy with sequential anthracycline and taxane regimens.
Serum 25(OH)D levels were available from 66 (84%) patients. Mean serum 25(OH)D level was 21.2 ng/mL ±7.1 and 46% of the participants had 25(OH)D deficiency (,20 ng/mL). Serum 25(OH)D levels were found to be significantly lower (18.2 vs 24.4 ng/mL, P= 0.013) in patients with musculoskeletal pain, while other laboratory parameters were similar between the two groups ( Table 2) .
In both univariate and multivariate regression analyses, serum 25(OH)D levels, cigarette smoking, and BMI were found to be the independent risk factors for developing musculoskeletal pain under antihormonal treatment for breast cancer (Table 3) .
A high correlation between VAS and Heath Assessment Questionnaire scores was present (P,0.001, r=0.643). Age and BMI were found to be negatively correlated with pain intensity (VAS pain vs age: P= 0.002, r=-0.493; VAS pain vs BMI: P= 0.003, r=-0.490), while low serum 25(OH)D levels and smoking status were not found to be associated with pain intensity. When a linear regression analysis was made, only (Figure 1 ). Patients with AHAMP had significantly lower HRQOL scores in all aspects of the FACT-B questionnaire (physical, emotional, social, and functional well-being, and BCS) compared to patients without symptoms, while only physical component score of the SF-36 was significantly lower in patients with pain (Table 4 ).
Discussion
We observed that nearly half of the women who were diagnosed with breast cancer experienced musculoskeletal pain related to antihormonal treatment given in the adjuvant setting. We documented that these symptoms significantly interfered with the quality of life of the patients affected by the antihormonal treatment.
In BIG 1-98 randomized clinical trial, which directly compared the clinical effectiveness of tamoxifen and letrozole in postmenopausal women, arthralgia and myalgia were reported to be more commonly observed in the letrozole group. We also observed that tamoxifen was less commonly associated with AHAMP; however, this did not reach statistical significance (P= 0.062). The rate of AHAMP (21% and 40% for tamoxifen and letrozole, respectively) was higher when compared to the results reported in BIG 1-98 trial (13.5% and 20%, respectively). However, it is stated by the authors that the rates of arthralgia and myalgia could have been underestimated due to the data gathering method used in this trial. 1 Another important factor for this observation could be that the patients in our study received ovarian suppression with an LHRH agonist along with tamoxifen treatment. Loss of ovarian function due to LHRH suppression could have led to a higher incidence of joint-related symptoms in the tamoxifen-treated group. 2 In the ABCSG-12 randomized trial, tamoxifen plus goserelin treatment was compared to anastrozole plus goserelin in the adjuvant setting in premenopausal breast cancer patients. The group receiving nonsteroidal AI plus goserelin had a 
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Musculoskeletal pain in women with breast cancer higher frequency of arthralgia and bone pain, compared to the group receiving tamoxifen plus goserelin. In fact, the reported incidence of bone pain in the tamoxifen plus LHRH agonist group was 23%, which is similar to our findings. 9 As documented in large randomized prospective trials, AI in combination with LHRH agonists gave a higher incidence of arthralgia, compared to tamoxifen plus LHRH agonists. 10 There may be several reasons behind this observation. AIs lower serum estrone, estradiol, and estrone sulfate levels. Deprivation of estrogen levels in the body is associated with decreased bone mineral density, osteoporosis, and increased incidence of arthritis. 11 The same mechanism is also true in the case of loss of ovarian function by use of LHRH agonists that inhibit estrogen production in the ovaries. In the case of tamoxifen, its role as an estrogen agonist in the bone tissue of postmenopausal women is well established. 12 It can be hypothesized that by this effect, tamoxifen may have an alleviating effect on bone and joint tissues in women with loss of ovarian function, and therefore, tamoxifen LHRH combination is less commonly associated with AHAMP.
An analysis was made for the identification of factors that are predictive for the development of AHAMP. In linear regression analysis, low BMI and smoking were associated with a higher risk of developing AHAMP. The relation between BMI and joint-related symptoms is complex. The incidence of arthralgia is reported to be higher in obese individuals (BMI .30) in the retrospective analysis of ATAC and IES trials. 13, 14 On the contrary, a trial assessing the incidence of arthralgia in patients receiving endocrine treatment with a design very similar to our own study reported the prevalence of arthralgia to be higher in individuals with a BMI ,25, compared to individuals with BMI 25-30. 4 In parallel to this observation, we also report that leaner individuals have a higher incidence of reported AHAMP. In addition, we also observed that lower BMI also correlated with increased pain severity. This finding could be explained by the fact that increased levels of sex hormones secreted by the adipose tissue in obese individuals could play a role in diminishing pain related to arthralgia.
Younger age was also found to be positively correlated with the intensity of the pain in a linear regression analysis model. The age factor is not commonly cited as a risk factor for developing AHAMP; however, some studies in the literature report the frequency of arthralgia symptoms to be higher in younger patients. 15 It can be hypothesized that younger patients will be more sensitive to the adverse effects of the acute reduction of sex hormones due to hormonal treatment, when compared to their older counterparts. 16 In this regard, younger patients are expected to experience AHAMP more intensely when compared to more elderly patients.
Estrogen receptors are found in joint cartilage, subchondral bone, and synovium. Estrogen is thought to have antiinflammatory and mild immunosuppressive properties. In vitro studies have documented that acute estrogen withdrawal leads to activation of nuclear factor κΒ transcription factor, which, in turn, upregulates the production of proinflammatory cytokines ultimately leading to tissue destruction. 17 Interestingly, estrogen receptors are also present in the limbic system and dorsal root ganglion. Estrogens play an antinociceptive role and inhibit pain signaling in the central nervous system. 18 In the light of these data, it seems appropriate to suggest that the main reason for both younger age and lower BMI being linked to heightened intensity of joint symptoms is decreased sex hormone production in the body due to endocrine treatment.
Smoking is a well-established risk factor for bone fracture in women. It is reported to increase the cumulative risk of bone fracture by 50% in postmenopausal women. 19 Cigarette smoking negatively influences estrogen production by inhibiting the activity of aromatase enzyme, increasing sex hormone binding globulins, and various other mechanisms. In addition, there is also evidence that by interfering with 25 hydroxylase enzyme activity and by promotion of chronic inflammation, it has deleterious effects on musculoskeletal system. 20 However, the relation between cigarette smoking and AHAMP is not thoroughly assessed in the literature. In a retrospective analysis of the ATAC study, smoking was not found to be associated with carpal tunnel syndrome. 21 In a different retrospective analysis of the same large study which assessed the risk factors for joint symptoms, cigarette smoking was found to be a risk factor in univariate analysis; however, it lost significance in multivariate analysis. 13 In our study, AHAMP incidence was significantly higher in current smokers and smoking was positively correlated with more severe pain.
Whether low serum 25(OH)D (,20 ng/mL) is a risk factor for developing AHAMP is a controversial issue. Interestingly, the prevalence of vitamin D deficiency in women with breast cancer undergoing chemotherapy can be as high as 70%. 22 In Turkey, even among healthy women, vitamin D deficiency is prevalent. In a recent study, 74% of the healthy women were found to be vitamin D deficient and mean serum 25(OH)D concentration was reported as 17 ng/mL, 23 In patients with osteomalacia (defined as serum 25(OH)D levels below 10 ng/mL), bone pain and myalgia are wellestablished symptoms of the disease. In addition, serum vitamin D levels have a strong impact on bone mineral density, bone turnover markers, and parathyroid hormone levels. Therefore, low 25(OH)D concentrations are strongly linked with increased bone fracture rates and lower physical performance, especially in postmenopausal women. 24, 25 While some studies in the literature associated low 25(OH)D levels with only specific findings such as tendonitis developing in patients receiving antihormonal therapy, 26 there are other studies that have not reported a correlation between low vitamin D concentrations and joint symptoms related to antihormonal treatment. 27 We found that patients with joint-related pain symptoms had significantly lower 25(OH)D levels compared to their counterparts with no joint-related arthralgia. Lower vitamin D levels were also found to be associated with increased pain intensity. A study by Waltman et al is the first study to report an inverse correlation between muscle pain level and serum 25(OH)D concentration. 28 Our study confirms the relation between AHAMP and serum 25(OH)D levels in patients with breast cancer receiving AI therapy.
Musculoskeletal adverse effects of adjuvant antihormonal agents that are used to treat breast cancer patients for prolonged time periods can have a negative impact on their quality of daily life. There are only very few studies in the literature assessing the impact of musculoskeletal pain related to antihormonal treatment on the HRQOL in breast cancer survivors. A study by Olufade et al, which claims to be the first study assessing HRQOL in patients treated with AIs in the adjuvant setting, has reported worse physical component scores in patients with AHAMP, while mental component scores were not found to be significantly affected. 29 In parallel to this study, we also report that HRQOL was found to be significantly worse (measured by utilizing both SF-36 and FACT-B questionnaires) in patients with AHAMP. While only physical component scores were statistically lower in SF-36, both mental and physical scores were significantly worse in patients with joint symptoms when analysis was made with FACT-B questionnaire (Table 4) . In our view, FACT-B, which includes the compartments specifically related to worry and symptoms about breast cancer, enables a more specific assessment for studying the effects of treatment-related adverse effects on HRQOL in breast cancer survivors.
All the patients in the study group received taxane-containing chemotherapy regimens before starting antihormonal treatment. Prior taxane exposure is associated with an increased risk of developing musculoskeletal symptoms during antihormonal therapies. 4 Whether the severity of joint symptoms and the effect of AHAMP on HRQOL are lower in breast cancer patients who have not received prior chemotherapy remain to be elucidated. The relatively small sample size of the study and the lack of a control arm of patients who have not received antihormonal treatment after surgery for breast cancer should be taken into consideration when interpreting the results of the study.
A homogeneous patient group with regard to disease stage and prior therapies received before the start of antihormonal treatment, inclusion of a rheumatology specialist for evaluation of musculoskeletal symptoms, and utilization of a validated questionnaire for assessment of HRQOL in breast cancer patients are the strong points of the study.
Conclusion
Antihormonal treatment associated musculoskeletal symptoms seem to related to estrogen withdrawal as a result of aromatase inhibition or functional ovarian suppression. Certain risk factors such as low BMI, cigarette smoking, and low serum 25(OH)D levels have been identified in this study. Treating physicians should be aware of this common and discomforting treatment-related side effect and be open to discuss this issue with the patients. Recognition of patients who are at risk of developing joint-related complaints and development of therapies aimed at alleviation of pain and discomfort should be the main targets for future research.
